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During the  f i r s t  Workshop on Technical Aspects of EIST Radar two recommen- 
d a t i o n s  were adopted on s i t e  and frequency s e l e c t i o n ,  which f i r s t  s h a l l  be re-  
pea ted  he re ;  then we w i l l  make suggest ions a s  t o  how t o  implement t he  recom- 
ruendations, a s  w e l l  a s  summarize e x i s t i n g  r e s u l t s ,  c r i t e r i a  and experiences t o  
support  t h e  design of planned radars .  Since the  c r i t e r i a  t o  ope ra t e  a r a d a r  
w i l l  be q u i t e  d i f f e r e n t  according t o  i cd iv idua l  requirements of r e sea rch  groups, 
only summaries of i tems w i l l  be considered without aiming too s t rongly  a t  t h e i r  
i nd iv idua l  assessments. 
. ( a )  Recommendation on S i t e  Se l ec t ion  
Although the  a c t u a l  i n t e r f e r ence  problem w i l l  no t  be known u n t i l  the  an- 
tenna and r ece ive r  a r e  i n s t a l  led,  t he  prudent experimenter w i l l  conduct t e s t s  
of i n t e r f e r ence  before  s e l e c t i n g  a s i t e .  For l a r g e  and expensive f a c i l i t i e s  
t he se  t e s t s  should be extens ive  and sens i t i ve .  A small  d i r e c t i o n a l  antenna nay 
be s u i t a b l e  t o  simulate s ide lobe  s e n s i t i v i t y  of r ada r s ,  but i t  should be re-  
menbered t h a t  soph i s t i ca t ed  data-processing methods make system s e n s i t i v i t y  ex- 
tremely good; t he re fo re  it would be advisable  t o  use ( i f  pos s ib l e )  t h e  complete 
d a t a  system t o  look f o r  i n t e r f e r ence .  These measures would c e r t a i n l y  be c a l l e d  
f o r  before  i n s t a l l i n g  expensive, f i x e d  s i t e s .  
( b )  Recommendation on Frequency Se l ec t ion  I 
There i s  t he  d i f f i c u l t y  of a l l o c a t i o n  of f requencies  -- almost continuous 
use by these  r ada r s  w i l l  be made when the  band 40-60 l2lz i s  a l l o c a t e d  t o  o the r  
s e rv i ces .  I t  was agreed t h a t  URSI should be contacted t o  see i f  they can make 
- ove r tu re s  t o  CCIR concerning t h i s  quest ion.  
- ,A l o r e  a t t e n t i o n  should be paid t o  the problem of designing 11ST rada r  an- 
tenna wi th  lower s ide lobes  which w i l l  he lp  both t r ansmi t t i ng  and rece iv ing .  
This  w i l l  he lp  i n  the  problem of PIST r ada r s  i n t e r f e r i n g  wi th  each o t h e r  i n  
fu tu re .  
SITE SELECTION 
For s e l e c t i n g  a l oca t ion  of an IlST r a d a r ,  one bas i ca l ly  has t o  cons ider  
two genera l  c r i t e r i a ,  namely ( a )  the  geophysical/meteorological phenonena which 
s h a l l  be i nves t iga t ed  and (b )  t he  ope ra t iona l  requirements and c a p a b i l i t i e s  one 
needs and which l i m i t a t i o n s  one i s  a b l e  t o  accept .  
Direc t ions  of p r i o r i t y  of r e sea rch  could be towards synopt ic  s c a l e s  ( t i n e  
s c a l e  of days) ,  mesoscale (hours)  o r  microsca le  (minutes). ~ i c ' r o s c a l e  d i s tu rb -  
ances i n  the  atmosphere a r e  pa r t l y  connected t o  orographic f e a t u r e s  (mountains, 
* presen t ly  a t  Arecibo Observatory, Arecibo, Puerto Bico, on leave from Max- 
Planck-Ins t i tu t  f u r  Aeronomie, Lindau, W. Germany. 
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i s l a n d s )  and can influence considerably the accuracy and evidence of inves t i -  
ga t ions  of synoptic and mesoscalq f ea tu res .  The l a t t e r  a r e  a l so  influenced by 
the  orography. Decision consequently has t o  be made t o  s e t  up a radar  i n  a 
mountainous or i n  a p l a in  area.  Of  course a l s o  global climatology, i . e .  re- 
search d i r e c t  ed towards t r o p i c a l ,  midla t i tude  o r  a r c t i c  atmosphere, w i l l  in- 
f luence the  se l ec t ion  of the  radar  location.  
Some c r i t e r i a  t o  se l ec t  a s i t e ,  placing p r i o r i t y  on optimum opera t ion:  
(1) Size  of a rea  ( s u f f i c i e n t  f o r  antenna and equipment). 
(2) F la tness  and hor izonta l  l eve l l ing ,  (antenna pa t t e rn  accuracy). 
(3)  Vegetation, e.g. grass ,  bushes ( influence maintenance of antenna). 
(4) Composition of ground, e.g. rocks, s o f t  s o i l ,  swamp, ... ( inf luence  
antenna const ruct ion and r e l i a b i l i t y ) .  
(5)  Cult ivated o r  wasteland (in£ luences cos t s ) ,  
(6) Ca t t l e  or  wild animals (may des t ruc t  system), 
(7) Shielding by hi1 1s (avoid c l u t t e r  and a t t enua te  in ter ference) .  
(8)  Vic in i ty  of next house or  v i l l a g e  ( in ter ference ,  s ecur i ty ,  service) .  
( 9 )  Vicini ty  t o  i n s t i t u t e  or laboratory ( t r a v e l ,  t roub le  shooting, mainte- 
nance). 
(10) E l e c t r i c  power l i n e  (d is tance ,  cos t s  t o  connect the  system). 
(11) S t a b i l i t y  of l i n e  voltage,  ( r e l i a b i l i t y  of operation).  
(12) Water supply, 
(13) Road access. 
(14) Ava i l ab i l i t y  and cos t  of telephone l i n e ,  (voice and data  transmi- 
t i o n ) .  
(15) Noise in ter ference  from power l i n e ,  close-by f a c t o r i e s ,  roads ( igni -  
t i o n  noise).  
(16) Height above sea l eve l  (pick-up of long d i s t ance  groundwave in t e r -  
ference ,  higher a l t i t u d e  permits increase  of upper height t o  be 
sounded by radar) .  
(17) Distance frorl country border l i n e  (unexpected f u t u r e  radio in ter fer ;  
ence). 
(18) Costs t o  prepare the s i t e  and t o  r e n t  and t o  maintain the s i t e  (dura- 
t i on? ) .  
(19) Snow cover (antenna r e l i a b i l i t y  and road access).  
(20) Vindbreaks (antenra const ruct ion) .  
(21) P robab i l i ty  of flooding. 
(22) A i r c r a f t  f l i g h t  routes  ( c l u t t e r  and in ter ference) .  
(23) Other close-by rad io l r ada r  systems (mutual in ter ference) .  
These items may not be exhaustive but can give  a guidel ine  and were d is -  
cussed and completed during the  workshop discussions.  The weighting of these 
d i f f e r e n t  items has t o  depend on individual  o r i en ta t ions  and requirements. 
A shor t  discussion s h a l l  be added t o  i t e n  7 on the  c l u t t e r  problem (i .e. ,  
s igmil  r e tu rns  from unwanted t a r g e t s ) .  I n  another paper (Paper 5 .1-B, t h i s  
volume) t h i s  author concludes tha t  a shallow v a l l e y  may be s u f f i c i e n t  fo r  a 
shie ld ing,  even a f l a t  p l a in  may be acceptable,  i f  no ext raordinary  condit ions 
(e.g., very  high extending mountains, bui ld ings  or radio  towers i n  the surround- 
ings  up to  severa l  10 Ian) spo i l  the atmospheric s ignal .  Also seac lu t t e r  can be 
avoided by these means. C lu t t e r  from f i e  ld-aligned ionospheric i r r e g u l a r i t i e s ,  
however, can occur a t  locat ions  close to  the magnetic equator a t  near zeni th  
angles (through the antenna main lobe) and a t  high l a t i t u d e s  a t  low e leva t ion  
angles (through low angle sidelobes ) . 
FREQUENCY SELECTION AND ALLOCATION 
Following' the ea r ly  opera t ion of the  Jicamarca Radar which proved i t s  
a p p l i c a b i l i t y  fo r  probing the  mesosphere, s t ra tosphere  and troposphere, the 
following generation of radars  operated i n  the same frequency band between 40 
MHz and 55 IIHz ( ~ i g u r e  1) .  Although it proved t rue  tha t  very e f f i c i e n t  radar  
inves t iga t ions  of the lower and middle atmosphere can be done using these f r e -  
quencies (which i n  the ear ly  times was strongly questioned by t r a d i t i o n a l  radar 
meteorologis ts ) ,  it i s  not y e t  es tabl ished t h a t  t h i s  frequency band i s  the 
optimum. Lower frequencies obviously may su f fe r  from interference due t o  iono- 
spher ic  propagation and a s t rong increase i n  sky noise (about inversely propor- 
t i o n a l  t o  the  square of frequency), but w i l l  allow la rge r  antenna areas  (in- 
crease  of echo s ignel  s t rength)  and may y ie ld  stronger contr ibut ions  from par- 
t i a l  r e f l ec t ion .  On higher frequencies the  noise l w e l  decreases,  improving 
the  s e n s i t i v i t y  and thus may allow operating with lower t ransmit ter  power and 
antenna gain. Hawwer, the  wave number spectrum of atmospheric r e f l e c t i v i t y  i s  
not y e t  known suf f i c i en t ly  accurately t o  pennit  a f i n a l  decis ion which frequency 
may be optimum. An upper l i m i t  i s  obviously given by the high frequency bound- 
a ry  of . the  i n e r t i a l  subrange of atmospheric turbulence, determining the maximum 
height t o  be sounded. Mesospheric turbulence s c a t t e r ,  fo r  instance,  cannot be 
detected a t  much higher frequencies than 50 MKz, and a t  430 PEz the upper height 
i s  even a s  low as  about 30 km. It i s  evidently noticed a l s o  (Table 1 )  t h a t  a l l  
higher frequency radars  (430/440 MHz, 930 1Hz or 1290 >Hz) use considerably 
higher power, although the reason is  t h a t  these radars  a r e  operated mainly fo r  
incoherent s c a t t e r  observations of the ionosphere. We w i l l  concentrate here on 
the  frequency se lec t ion  and a l loca t ion  i n  the standard frequency band of PET 
radars  i n  the  low VfIF range. 
During the  l a s t  World Administrative Radio Conference i n  1979, worldwide 
frequency a l loca t ions  were newly arranged and accepted. I n  Table 2 we have 
summarized the  a l loca t ions  between 30 lfllz and 68 Wz,  which a r e  subdivided 
according t o  the worldwide Regions I, I1 and I11 (Standard of the ITU-Inter- 
nat ional  Telecommunications Union, see Figure 2) .  Except f o r  three  f a i r l y  nar- 
. row bands 30.005-30.010 llI!z, 37.5-38.25 MHz, 40.66-40.70 lMz, no specia l  a l -  
locat ions  a r e  furnished for  s c i e n t i f i c  research purposes on an in te rna t iona l  
basis.  The used VIIF radar  frequency bands a r e  merely a l located through nati'on- 
a1  a u t h o r i t i e s ,  and i t  i s  evident t h a t  no legal  claim can be brought forward by 
radar  researchers  t o  obta in  a frequency a l locat ion.  The radars  a r e  permitted 
only to  operate on the noninterference bas i s ;  i .e .  they have t o  cease opera- 
t i o n  i f  in terference to  the primary or secondary services  operating i n  the same 
- .  
- - band i s  reported.  The services  which most l i k e l y  can be a f fec ted  a r e  the f ixed  
and mobile (example i n  Table 3a) ,  the  amateur (Table 3b) and the  TV broadcast 
- -  - -- --.. .- .-- A se rv ice  (Table 2) .  Fortunately,  no major complaints by these. services  a re  
- 
known which would prevent VHF radar  operation or even y ie ld  t o  decisions of 
nat ional  a u t h o r i t i e s  t o  ref use issuing new licenses.  
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Table 2. Worldwide frequency allocation plan (ITU). Capital letters  denote 
primary services. 
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F i g u r e  2. ITU-Regions. 
Because of  t h e  f a c t  t h a t  t h e  VHF r a d a r s  mos t ly  cover  a  f a i r l y  wide band- 
width (100 kHz-2 I.Mz), t h e  t r a n s m i t t e d  energy i s  spread  o u t  i n t o  a  f a i r l y  wide 
f requency  band, which y i e l d s  l e s s  i n t e r f e r e n c e  t o  narrow band o p e r a t i o n s  such  
a s  t h o s e  of  t h e  f i x e d ,  mobi le  o r  amateur s e r v i c e s .  Furthermore,  i n t e r f e r e n c e  1 
i s  s t r o n g l y  suppressed  because t h e  mai r  bean1 d i r e c t i o n  of VHF r a d a r s  i s  v e r t i -  
c a l .  Only a  minor f r a c t i o n  of t h e  energy i s  t r a n s m i t t e d  h o r i z o n t a l l y  th rough  
t h e  s i d e l o b e s  where it could cause harmful  i n t e r f e r e n c e  t o  t h e  o t h e r  s e r v i c e s .  
More o b s e r v a t i o n  has  t o  be p o i n t e d  t o  t h e  f a c t  t h a t  t h e  r a d a r  r e c e p t i o n  w i l l  
- 
be  d i s t u r b e d  by t r a n s m i s s i o n  of o t h e r  s e r v i c e s .  
T h i s  problem, however, i s  most ly n o t  too  c r u c i a l  i f  p r o v i s i o n  i s  made t h a t  
- - A -..---A t h e  o p e r a t i o n s  a r e  p roper ly  s e p a r a t e d  i n  space and f requency .  S ince  e s s e n t i a l -  
l y  ground wave propaga t ion  o c c u r s ,  t h e  f i e l d  s t r e n g t h  of i n t e r f e r i n g  s i g n a l s  
w i l l  be  n e g l i g i b l e  a t  d i s t a n c e s  of s e v e r a l  10 km. However, i n  t h e  lower VHF 
range  i o n o s p h e r i c  p ropaga t ion  can s t i l l  occur  and d r a s t i c a l l y  i n c r e a s e  t h e  
i n t e r f e r e n c e  l e v e l .  T h i s  i s  shown i n  t h e  example of F i g u r e  3 ,  where t h e  d i u r n a l  
v a r i a t i o n  of f requency occupa t ion  monitored i n  December 1979 and January  1980 a t  
t h e  Arec ibo  Observatory i s  shown ( a f t e r  ROTTGER, 1980). S i g n a l s  observed i n  t h e  
morning hours  (06-12 AST) e v i d e n t l y  o r i g i n a t e d  through i o n o s p h e r i c  p ropaga t ion  
from t h e  US mainland. The cumula t ive  d i s t r i b u t i o n s  of F igure  4  i n d i c a t e s  
occur rence  maxima a t  two channe ls  around 43 IDIz and 49.5 EElz which were due t o  
l o c a l  t r a f f i c .  The b e s t  c h o i c e  of f requency was 46.8 bDlz. It i s  s t r o n g l y  
suggested t o  c a r r y  ou t  s i m i l a r  f requency surveys  b e f o r e  app ly ing  f o r  a  l i c e n s e  
t o  o p e r a t e  a  VIIF r a d a r .  
We s e e  from Table  2  t h a t  t h e  band 47 (541-58 ltllz i s  most ly covered by TV 
broadcas t  a l l o c a t i o n s  (TV-band I ) ,  a l though  p a r t i a l l y  a l s o  t h e  f i x e d  o r  mobile  
and t h e  amateur s e r v i c e  i s  permi t ted .  The TV broadcas t  covers  a  much wider  
bandwidth than t h e  r a d a r  o p e r a t i o n  and can be  q u i t e  s e n s i t i v e  t o  i n t e r f e r e n c e  
( t h e  v i d e o  channel  i s  much more s e n s i t i v e  t o  i n t e r f e r e n c e  than  t h e  aud io  chan- 
n e l ) .  I n  F i g u r e  5 t h e  r e q u i r e d  i n t e r f e r e n c e  suppress ion  (accord ing  t o  CCIR) i s  
shown f o r  a  TV channel .  I t  i s  n o t i c e d  t h a t  t h e  requirements  a r e  most s t r i c t  
Table 3. a )  National frequency a l loca t ion  plan of United Sta tes .  
b) Amateur radio bmd plan (50 MHz). 
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Figure 3. Occurrence of s igna l s  a s  funct ion of time of day (ASTI and frequency 
a t  the Arecibo Observatory i n  December 1979 and January 1980. 
a t  frequencies close t o  the video, colour and audio ca r r i e r s .  
Extensive f i e l d  'and laboratory measurements, which were done i n  prepara- 
t i o n  of the l icence appl icat ion phase of the SOUSY-VHF-Radar i n  W. Germany, 
showed t h a t  radar  operation i n  a TV channel i s  possible without caueing mutual 
in terference.  It was shown t h a t  a radar  operation (cen t reca r r i e r )  frequency 
f r  53.5 MHz, i.e. a frequency between the colour and the  audio c a r r i e r ,  
causes the l e a s t  in terference t o  TV reception.  Also a frequency jus t  a t  the 
lower l i m i t  of a TV channel (e.g. f = 54.0 MNz) can be acceptable. Accord- 
ing t o  the subdivision of TV-band  into channels, the video c a r r i e r  frequencies 

a r e  a t  f = 48.25, 55.25 and 62.25 MHz. Radar ope ra t i on  ( c e n t r e )  f requencies  
f r  = f Y 5.25 MHz o r  f r  = f v  - 1.25 MHz a r e  accordingly most s u i t a b l e .  
v 
Fu r the r  f i e l d  measurenents made dur ing  t he  e a r l y  ope ra t i on  of t he  SOUSY- 
VHF-Radar ( f  = 53.3 MHz, i n  a channel  used by a TV-broadcast s t a t i o n  a t  160 km 
d i s t a n c e )  d i d  n o t  i n d i c a t e  any i n t e r f e r e n c e  t o  TV users .  I t  even was found 
t h a t  t he  r a d a r  s i g n a l  was no more d e t e c t a b l e  (because of mountain sh i e ld ing  and 
s i d e l o ~ e  suppress ion)  a t  some 10 Icm d i s t a n c e  from the  radar .  Occasional  in- 
c r e a s e s  of no i s e  l e v e l  observed w i th  t he  SOUSY-VHF-Radar might have been caused. 
by i nc rea sed  TV f i e l d  s t r e n g t h  a t  the  r a d a r  s i t e  dur ing  enhanced t roposphe r i c  
propagat ion  condi t ions .  Very short- term i n t e r f e r e n c e  (seconds t o  minutes dura- 
t i o n ) ,  observed ve ry  r a r e l y ,  was a t t r i b u t e d  t o  mobile s t a t i o n s  i n  the  v i c i n i t y  
of t h e  radar .  During summertime a l s o  TV s i g n a l s  from southern Europe occasion- 
a l l y  occurred  through r e f l e c t i o n  a t  sporadic-$ layers .  
REFERENCES 
Bals ley ,  B. B., W. L. Ecklund, D. A. Ca r t e r  and P,E. Johnson (1980), The MST 
r a d a r  a t  Poker F l a t ,  Alaska, Radio Sci . ,  15, 213-223. 
Green, J. L., J. M. Warnock, R. H.  Winkler and T. E. VanZandt (19751, A sens i -  
t i v e  VHF r a d a r  f o r  the  study of winds, waves and turbulence  i n  the  tropo- 
sphere,  s t r a t o s p h e r e  and mesosphere, P r e p r i n t  Vol. 16 th  Conf . on Radar 
Meteorol., 313-315 (publ .  by Am. Meteorol. Soc., Boston, MA). 
Hagfors, T., P. S. K i l d a l ,  H. J. Karcher, B. L i e senko t t e r ,  and G. Schroer . 
(19821, VIIF pa rabo l i c  c y l i n d e r  antenna f o r  incoherent  s c a t t e r  r ada r  re- 
search ,  Radio Sci.,  17, 1607-1621. 
Rot tger ,  J. (1980), U t i l i z a t i o n  of the  lower VHF band f o r  r a d a r  experiments a t  
t h e  Arecibo Observatory, Tech. Rep. MPAe-T-00-80-01, Max-Planck-Institut 
'fur Aeronomie, Lindau, CI. Germany. 
Rot tger ,  J. (1984), The EST r a d a r  rechnique,  Handbook f o r  MAP. Vol 13, 187 
232, SCOSTEP S e c r e t a r i a t ,  Dep. Elec. Computer Eng., Univ. IL,  Urbana. 
Rot tger ,  J., J. Klostermeyer, P. Czechowsky, R. Ruster  and G. Schmidt (1978), 
Remote sens ing  of t he  atmosphere by VHF r a d a r  experiments, Naturwissen- 
. scha f t en ,  65, 285-296. 
S t rauch ,  R. G., D. A.  M e r r i t t ,  K. P. Moran, K. S. Earnshaw, and D. van de Kamp 
(1983), Tropospheric wind p r o f i l i n g  w i th  Doppler r ada r ,  P r e p r i n t  Vole 21st  
- - Conf. on Radar Meteorol., 118-125, (publ .  by Am. Meteorol. Soc., Boston 
EW). 
Vincent ,  R. A., W. G. E l ford ,  and B. H. Briggs (19821, A VHF r a d a r  f o r  atmo- 
-- - .- i sphere s t u d i e s ,  The Aus t r a l i an  P h y s i c i s t ,  19, 70-73. 
Woodman, R. F., and A. Gui l len  (1974), Radar obse rva t i ons  of winds and turbu- 
lence  i n  t h e  s t r a to sphe re  and mesosphere, J. Atmos. ~ c i . ,  31, 493-505. 
RECOMMENDATION 
SITE SELECTION 
Noticing t h a t  
( 1 )  f o r  a v a r i e t y  of meteoro logica l  i n v e s t i g a t i o n s  i n f luences  of orography 
a r e  a d i s tu rb ing  f a c t o r ,  
( 2 )  c l u t t e r  and i n t e r f e r e n c e  i s  mostly experienced t o  be minor problem, 
t he  not ion  i s  supported 
t o  p r e f e r ab ly  l o c a t i n g  EST r a d a r s  i n  f l a t  t e r r a i n  r a t h e r  than i n  mountainous re- 
g ions  (excluding,  obviously,  r e sea rch  on orographic  i n f luences  on meteoro logica l  
phenomena ) . 
RECOMMENDATION 
FREQUENCY ALLOCATION 
Noticing t h a t  
(1) Licenses t o  operate V ~ ~ F / U H F  r ada r s  a r e  granted by nat ional  a u t h o r i t i e s  
i n  a cooperative manner, and operat ion has t o  be on a noninterference 
basis.  
(2) Crucial  in te r fe rence  due t o  radar  operat ion has not y e t  been reported. 
(3)  The number of VHF/UIfF r ada r s  used f o r  research purposes has already 
increased and obviously w i l l  s t ead i ly  increase,  and these radars may 
w e n  be included i n  operational meteorological systems which w i l l  
increase t h e i r  number explosively. 
It i s  recommended t h a t  formal s t eps  s h a l l  be undertaken t o  form a 
spec ia l  study group of CCIR t o  co l l ec t  experiences and def ine  requirements and 
standards t o  f a c i l i t a t e  negot ia t ions  with the  l icensing a u t h o r i t i e s  and t o  
introduce these operations o f f i c i a l l y  i n t o  an in te rna t iona l ly  accepted f re -  
euency a 1  locat ion schene . 
